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REMARKS 

Claims 1-13 were examined and reported in the Office Action. Claims 1-13 are 
rejected. Claim 3 is canceUed. Claims 1-2, and 4-13 are amended. Claims 1-2, and 4-13 
remain* 

Applicant requests reconsideration of the application in view of the following 
remarks. 

I. Drawing Objectign^ 

It is asserted in the Office Action that the drawings are objected to under 37 CFR 
§1.83(a). Applicant submits new figures 1 and 2 to overcome the 37 CFR §1.83(a) 
objection. Applicant submits that the specification as filed describes the details of the 
matrix driving scheme in sufficient detail for a person skilled in the art to practice the 
invention without need of illustration by a drawing(s). However, in view of the 
assertion in the Office Action that a drawing correction is required in reply to the Office 
Action to avoid abandoiunent of the application. Applicant submits Figures 1 aiul 2. 
Figure 1 illiostrates a typical waveform for a common driving signal. Figure 2 shows 
matrix A, representing an orthogonal block circular matrix. Approval is respectfully 
requested. 



n. aaims Rejected Under 35 U .S.C. 6112. first paragraph 

It is asserted in the Office Action that claims 1-13 are rejected under 35 U-S.C 
§112, first paragraph, as containing subject matter which was not described in the 
specification in such a way as to enable one skilled in the art to which it pertains. 
Applicant respectfully disagrees. 

In response to the assertions in the Office Action, the daims have been amended 
and are now directed to a driving method for a passive matrix LCD. Claim 1 includes 
tiie limitations that tfie addressing function (row (common) driving matrix) is 
represented by an orthogorial block drculant n\atrix and Claim 3 is cancelled. The 
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support for the above-mentioned amendments can be found in cancelled claim 3 and on 
pages 1 and 4 of the specification, as originally filed. 



Applicant submits that the description as filed is fuD, clear, concise and sufficient 
to enable a person skilled and familiar in the art of display technology to make and use 
the invention. Applicant refers to the documents; "Hadamard Matrix Analysis and 
Synthesis" by Rao Yarlagadda and Hershey, "Circulant Matrices" by Philip J Davles, 
"Paraunitary Matrix Driving Scheme for Liquid Crystal Display" by Yetmg et al and 
''Nonlinear Programming'' by Avriel, as examples of prior art documents (all published 
before the priority date of the present application) that would be well known to the 
skilled person, and for which Applicant coi\siders form part of the skilled person's 
general knowledge. (Applicant includes the above-mentioned documents in an 
iirformation disclosure document). 

Additionally, regarding the rqection to claims 2 and 5, Applicant submits that 
row interchanges and column interchanges of an orthogonal matrix are from part of a 
well-known and well-practiced technique in the relevant industry. For example, the 
application sufficiently describes the details of the construction of a matrix of scan data 
for the skilled person to use the invention. Row and column interchanges used as 
modifications for practical implementation of the matrix of scan data is already 
described in U.S. Patent No. 5,861,869 issued to Scheffer et al, at column 7, paragraph 6, 



matrix rows, negating matrix rows (i.e. multiplying them by -l), interchanging matrix 
columns, negating matrix columns, or any possible combinations of all four of these operations." 

Moreover, the xmderlying mathematical explanation is given in prior 
publications and mentioned in the present application* 



by 



row functions can be generated from the above mentioned ones by interchanging 
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It is also asserted in the Office Action that the order four and order eight 
orthogonal block-drculant building blocks are insufficiently described in the 
application. The order four and order eight orthogonal block-drculant building blocks, 
however, are given generally in the form of 

E = [a^ 4 ... -4jv] 

£= I....] on page 5 of die specification and form a square block-drculant matrix as 
known in the art. Moreover, two order-four examples are illustrated in the application 
at the top of pages 6 and 7 as originally filed expanding from £, and Ej into B, and Bj on 
page 7. 



_ 1 1-11-1111 
^- _1 _1 -1 1 1 -11] 



11-11 
-1 -1 -1 1 
-1111 
-I 1 -1 -1 



-1111 
I -1 1 1 
1 1-11 
111-1 



The Applicant considers it routine for a person skilled in the art of LCD driving 
schemes to obtain other matrices and orders themselves from the examples of the 
drculant form in the block-circulant matrix definition, the orthogonal block drculant 
matrix Bj as the examples demonstrate dearly how to apply the idea to other 
paraunitary matrices once the first block row has been given. 



Received from < 3108205988 > at 8121103 11 :21:10 PM [Eastern Dayliglit Time] 



Aug-21-2003 08:Z5pin Frora-BSTZ LA 



3108205988 T-674 P. 016/060 F-890 



Application No. 09/678,058 
Page 13 

Accordingly, withdrawal of the 35 U,S.C. §112, first paragraph rejection for 
daims 1-13 are respectfully requested. 

IIL Claims Rejected Under 35 U.S.C. 8112, second paragraph 

It is asserted in the Office Action that daim 3 is rejected under 35 U.S.C. §112, 
second paragraph as being indefinite for failing to particularly point out and distinctly 
daim the subject matter which Applicant regards as the invention. Applicant has 
canceled daim 3. 

Accordingly, withdrawal of the 35 U.S.C §112, second paragraph rejection for 
daim 3 is respectfully requested. 

IV, Oaims Rejected Under 35 U.S.C. 5lQ2(e) 

It is asserted in the Office Action that daims 1, 3, 4 and 6 are rejected under 35 
U.S.C* §102(e) as being antidpated by U. S. Patent No. 6,054,972 issued to Otani et al. 
("Qtani"). Applicant respectfully disag^rees. 

According to MPEP §2131, "'[a] daim is antidpated only if each and every 
element as set forth in the daim is found, either expressly or inherently described, in a 
single prior art reference/ rVerdegaal Bros> v. Union Oil Co, of Califomia, 814 F.2d 628, 
631, 2 USPQ2d 1051, 1053 (Fed. Or. 1987)). 'The identical invention must be shown in 
as complete detail as is contained in the ... daim.' (Richardson v, Suzuki Motor Co.. 868 
F,2d 1226, 1236, 9 USPQ2d 1913, 1920 (Fed. Cir. 1989))* The elements must be arranged 
as required by the daim, but this is not an ipsissimis verbis test, i.e*, identity of 
terminology is not required. (In re Bond. 910 F,2d 83L 15 USPQ2d 1566 (Fed, Cir> 
1990))/' 

Applicant's amended daim 1 contains the limitations of "[a] driving method for a 
passive liquid crystal display, comprising; (i) a plurality of orthogonal addressing 
functions; wherein (ii) said plurality of orthogonal addressing function is applied 
simultaneously to a plurality of rows of the said display matrix; (iii)said plurality of 
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orthogonal addressing functions comprising a row (common) driving matrix and 
wherein; (iv) said plurality of orthogonal addressing functions is represented by an 
orthogonal block-circulant matrix," 

Otani discloses a multi-line addressing driving scheme for an LCD display (see, 
for example, Otani, column 1, line 32 that asserts selecting "a plurality of scanning lines 
simultaneously"). The row waveform of the liquid crystal display is an orthogonal 
matrix of scan data, M (see Otani. column 1, line 42) this row waveform'forms a key 
part of Otani. The scan matrix M of Otani is a Kronecker product of a Hadamard 
matrix, which in a mathematical context means the matrix is a block diagonal matrix. 
This is different to the orthogonal matrix of scan data with a block-drculant structure, 
as now claimed as the driving method in Applicant's amended claiml. 

Further, Otani describes the Hadamard matrix (and its minor modifications (e.g. 
Formula 8 is the Kronecker product of Formula 11 and Formula 12 of Otani) as a 
"circulant Hadamard matrix'' (see, e.g., Otani, coltimn 2, line 47). However, Applicant 
submits that this "drculant Hadamard matrix'' is not the "orthogonal block-drculant 
matrix" as now claimed and that Applicant's claimed invention is fundamentally 
different from the disclosure of Otani . Applicant points to the very standard and well- 
known definitions of "Block," "Circulant/' and ''Hadamard" in the context of 
mathematics (e.g, refer to reference [Circulant] and to reference [Hadamard www] for 

the properties of Hadamard matrix.) 
■ 

Moreover, an advantage of the orthogonal block-circulant matrix of Applicant's 
claimed invention comprising the scan data is that the design only needs to input and 
store the scan data of the first block row into the memory and it is then possible to 
generate the entire matrix of scan data in a circulant fashion (or technique or formxila). 
In contrast, there is no such circulant pattern for the Hadamard matrbc taught in Otani. 
Others differences between Otani and Applicant's driving scheme is that the voltage 
levels required for the block-drculant matrix of scan data claimed need not be +1 or -1, 

wKereass the voltage levels requircxi for a H;adflim:aTd matrix mufltbe ro. 
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Therefore, since Otani does not disclose, teach or suggest all of Applicant's 
amended daim 1 limitations. Applicant respectfully asserts that a prima facie rejection 
under 35 U.S.C. §102(e) has not been adequately set forth relative to Otani. Thus, 
Applicant's amended claim 1 is not anticipated by Otani . Additionally, the claims that 
directly or indirectly depend from Applicant's amended claim 1, namely claims 4 and 6 
(daim 3 being cancelled), are also not anticipated by Otani for the same above reasorv 

Accordingly, withdrawal of the 35 U.S.C. §l02(e) rejection for daims 1, 3, 4 and 6 
are respectfully requested, 

V, Claims Rejected Under 35 U.S.C S103(a> 

A- It is asserted in the Office Action that daims 2 and 5 are rejected under 35 
U5.C. §l03(a) as being impatentable over Otani in view of Applicant's admitted prior 
art CAAPA" ), Applicant respectfully disagrees. 

According to MPEP §2142 "[tjo establish a prima fade case of obviousness, three 
basic criteria must be met. First, there must be some suggestion or motivation, either in 
the references themselves or in the knowledge generally available to one of ordinary 
skill in the art, to modify the reference or to combine reference teachings. Second, there, 
must be a reasonable expectation of success. Finally, the prior art reference (or 
references when combined) must teach or suggest all the daim limitations. The 
teaching or suggestion to make the claimed combination and the reasortable expectation 
of success must both be foimd in the prior art, and not based on applicant's disclosure/' 
(In reVaeck. 947 F,2d 488, 20 USPQ2d 1438 (Fed. Cir. 1991)). Further, according to 
MPEP §2143.03, 'lt]o establish prima fade obviousness of a claimed invention, all the 
daim limitations must be taught or suggested by the prior art. (In re Royka. 490 F.2d 
981, 180 USPQ 580 (CCPA 1974)/' "All words in a claim mu^ be considered in judging the 
patentability of that daim against the prior art.'' (In re Wilson. 424 F.2d 1382, 1385, 165 
USPQ 494, 496 (CCPA 1970), emphasis added.) 

Applicant's claims 2 and 5 depend from Applicant's amended daim 1. 
Applicants amended daim 1 is discussed above in view of Otani . 
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In response to assertion in the Office Action in paragraph 12, Applicant 
comments that row and column interchanging for an orthogonal block-drcvilant matrix 
was not considered prior to the Applicant's claimed invention. The inventors exercised 
considerable inventive skill in recognizing the potential for transferring those ideas to 
the field of orthogonal block-circulant matrices and scan data. The use of interchanging 
was known to improve contrast, but the Applicant adapted the previous teaching for 
use as a driving scheme technique. The adaptation required was not an obvious, nor a 
simple process. 

Applicant's technique provides a method of finding a sxutable matrix using a cost 
or 'penalty function' P(E) in non-linear programming technique. The criteria for finding 
a matrix include the properties of (i) entries being +1 or -1; (ii) orthogonality; (iii) block- 
circulant property. Applicant's claimed invention provides a new matrix-driving 
scheme of considerably reduced complexity over the prior art. Applicant's driving 
scheme advantageously provides significant memory saving improvements over the 
known prior art techniques, this is particularly significant for large matrix orders and 
cannot be achieved in a Hadamard matrix such as that disclosed in Otani . 



Since neither OtanL AAPA, nor the combination of the two teach, disclose or 
suggest the limitations contained in Applicant's amended daim 1, as listed above, there 
would not be any motivation to arrive at Applicant's claimed invention. Thus, 
Applicant's amended daim a is not obvious over Otani in view of AAPA since a prima 
facie case of obviousness has not been met under MPEP §2142. Additionally, the claims 
that directly or indirectly depend from amended daim 1, namely daims 2 and 5, would 
also not be obvious over Otani in view of AAPA for the same reason. 

Accordingly, withdrawal of the 35 U.S.C. §103(a) rejection for claims 2 and 5 is 
respectfully requested. 
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B. It is asserted in the Office Action that claims 8-10 are rejected under 35 
U,S.C- §l03(a) as being unpatentable over Otani in view of U. S. Patent No. 4,993,075 
issued to Sekihara et al. (" Sekihara "), Applicant respectfully disagrees. 

Applicant notes that Sekihara is from the field of image processing, which can be 
considered as a different technological area requiring different knowledge according to 
a person skilled in the art from that of liquid crystal displays. Although the "non-linear 
programming" techniqiie has been shown by others (e.g. Sekihara and reference 
[Nonlinear]) to be a workable and efficient method for image processing. Sekihara uses 
a mature non-linear programming techruque in the image reconstruction of an NMR 
image to approximate to the real image. This is a different use in a different field to the 
Applicant's use and claimed technique of finding out numerically a suitable orthogonal 
block-circulant matrix of scan data for the row driving waveform. 

Applicant has developed non-linear programming techniques applicable to 
liquid crystal displays. The developments were non-trivial and are not merely obvious 
modifications of Sekihara, they required the skilled person to exercise inventive skill, 
whether skilled in LCDs or imaging. It is not trivial for a person skilled in the area of 
image reconstruction to consider the applicability of non-linear programming to use an 
orthogonal block-drculant matrix in liquid crystal displays and to construct such a 
penalty function P(E) to find out the required .matrices by numerical means. 

Since neither Otani, Sekihara. nor the combination of the two teach, disclose or 
suggest the limitations contained in Applicant's amended claim 1, as listed above, there 
would not be any motivation to arrive at Applicant's claimed invention. Thus, 
Applicant's amended claim 1 is not obvious over Otani in view of Sekihara since a prima 
facie case of obviousness has not been met under MPEP §2142. Additionally, the claims 
that directly or indirectly depend from amended claim 1, namely claims 8-10, would 
also not be obvious over Otani in view of Sekihara for the same reason. 
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Accordingly, withdrawal of the 35 U.S.C. §103(a) rejection for claims 8-10 is 
respectfully requested. 

CONCLUSION 

In view of the foregoing^ it is believed that all claims now pending, namely 1-2, 
and 4-13, patentably define the subject invention over the prior art of record and are in 
condition for allowance and such action is earnestly solicited at the earliest possible 
date. 

If necessary, the Commissioner is hereby authorized in this, concurrent and 
future replies, to diarge payment or credit any overpayment to Deposit Account No. 02- 
2666 for any additional fees required under 37 C.F.R, §§ 1.16 or 1.17, peu-ticularly 
extension of time fees. 
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efficient liquid crystal display driving 
:hem5 using orthogonal block-circulant matrix 

\ • 
The invention relates to a protocol for driving a liquid crystal display, 

particularly to n dnving acheme of liquid crystal display, and more particularly to a 

Special arr^nBftmcriKof tlie entriee of the driving matrix, \yhioh resulis in an efficient 

implementatjoo of the\chcme and a reducrion in hardware complexity, 

Passive matrix driving scheme ie commonly adopi-qd for driving a liquid 

cryetal displi^y, pot those iHfih-mux displays wlih liquid crystals of fast response, the 

problBm of losft of contract due^o frame response is severe. To cope witli ihis 

problem, active addressing was proposed in which an orthogonal matiw is used a$ the 

common driving signal. However)^e method suffers from the problem of high 

computation and memory burden, mm worse, the difference in sequences of the 

rows of t7)^^;fj[x results in different row s^^nal frequencies. This may results in severe 

cros$talk prbblems. On The other hand, MuIti-Line-AddroBsing (MLA) waa 

proposed, v^hich makes a compromise between fl'ame response, sequency, and 

computadon problems. The block-diagonal arivins matrix b made up of lower order 

* orthosonol tjiatriccs- To further suppress the frame response, column inlerohanges of 

the driving fti&tmc were suggested in such a vyray thi^ the selections are evenly 

distributed amone the frame. The .complexity of the scheme is proportional to square 

of the order of the building matrix. Increase of order oi^he scheme results in 

complf5?dty inctca$e in both time and spatial domains. The order increase asks for 

more logic hardware and voltage levels pf the column signa\ 

According to the invention there is provided a prolocorfor driving a liquid 

crystal display, characterised in that a row (common) driving matrix consists of 

orthogonal l:Uock-circulant matrices. 
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Liqiiid Crystal Driving ScJjeme Using Ortho^onflJ Block-Ciroulant Matrix 
The itollow ng showe an order-8 H»damard matrix 
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As mentioned in the foregoina, because of the computation burden and 
sequenoy pr|WOTi of using acrive driving, MLA was proposed. To implement an 8- 
ufiing 4-Iine MLA, two ordcr-4 Hadamard mairices are used as the 
ding blocks of the Sx8 driving matriK. The resulting oommon driving 
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matrix Is as ibllowe 
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To 



minimize tJio sequency problem. anarl)er orlbogona) building block 



hii« been lAoposed. The resulting row (common) driving matiix is as follows: 
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_ leral /;^^vay display will have a m^n block diagonal orthogonal drivins 
matrix niad| up of m '4 (assuming ihat mism integer multiple of 4) 4x4 building 
blocks. Th^ dctual voltage applied is not necessary ± 1 bui a consiani multiple of the 
value (i.e., A). To fiaither fiuppress the frame response, it has been proposed that 
column intej-cbanges of the row (common) driving matrix such that the selections are 
evenly distributed among the flame. Urins the 8-way drive as example, the 
following row (common) driving matrix resuhB: 
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l4 the Invention, there is propoBd a metiiod of gencmting orthogonal block- 
circiiLmt building blocks ihat result in aduccd hanlware complexity, of the driving 
eireuitiy. First of aJU an orthogofifll bJeck-cdreulant metzic is defined as follows: 



/f ff JO/*/ A be an orthogonal bloek-circulent i/X''lt-='JtJt^^(md^lNM. 
For example, the following 4x4 metrbc is oibogonal bloesk-wcnlant 

la ttis eu« , N can be 2 or 4, if N=2, then each A| is 23C matrix: If N«4, then each 
Aiis 




A scalar (1 far -1 ), The orthogonal blDck-drculant matrix can be used as the diagonal 
bwlding bWck of a row (common) diivitig mahix. By proper colmmx and row 
intefchangci, the ttsulting driving maorfx has a proper^ that each row is a shifted 
version of precedinfi rows and can be Implemeraed by using shift registers. The 
following allows the resulting g-way drive using 4jc4 orthogonal block-oireulant 
maxrix aftei- suitable row and column interchanges. 
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For faigher order B. thechoJcc of the order of sub-blocdc A| is liraitefl. Some M might 
result in nc n-existence of orthogonal blook-circulant B. Let MN=6, then M. the Older 
of 6ul>.bIoc|k, con be I. : or 3. It can bt shown thai onhogonal blooJc-circwlant B can 
ht aducve^ by M=2. 3. bui not M=l . In general, given that MN is even jt can be 
shoum that orthogonal blocl<-e}rculant B always exists provided ftan M^l . In the 
following. 1^vo means of generating orthogonsl block-circulant matrices aie proposed. 

Thel fir^t method is bnsed en theory of parauniiary matrisc but it by no means 
ficneraxes i \ orthogonal block-circulant matrices. The second method is a means to 
identify on3 jogonaJ bIoek<iteuIant roanices by nonlinear programming. 
Theoretic^ y. \\ tan be used to generate all orthogonal block-circulant matrices. 

Genjeration of Orthogonal Block-Circulant Matrix Using Paraunitary Matrix 
Consider ortir MxNM sub-matrix of B as foUowa: 



Define nxn Ihift matrix S„„, as follows 



0 J 



A paraunitajy matrix E of order MxNM satisfies 



(^) E is.4>rdbiOsonai i.e.. 



Gi) E is cfrthogonal to its column shift by multiples of M. i.e., 
For { = 1.2, N-1. 

m general, jaarauniuiry matriwis can be represented in a cascade lanice form with 
rotational angles as parameters. 
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6 



Thci fonowfng Tu/o arc? two example 2x4 parauntiary znatiix«s. 



(i) E is 



We have ih i foJlowintj propeny of paraunitary matrices: 
ProperQK' B gemrutud by block-circulaiing parGunituTy E in orthogonal 
Proof: De^nc rem recurrent shift matrix Rnjn as fbllows 

An orthogol^taf hhck^circuiam maxrix B of order Nl^ixNM\nfith WiNM sub^matrixB 
satisfies 



}rthogona) i.e.. 



(ii) E is (Jtrthogonal to its recurrent shift by multiples of M. I.e., 



Provided that 



E is paraunitary,^ as 



we have 



and that completes the proof. Notice that E Is parauiiitary is a sufficient but not 
necessary con lidon for B to be onhogonal block-drculanr. Using Ei and ^ 
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-1 -1 -I 1 
'1111 
-I I -1 ~l 



-I J 1 I 
1 -1 1 I 
1 1-11 

h J 1-1 

Notice tttatJSj is orthogonal circulmt as wcj) aa orthogonal block-oirculant. As 
jllUBtrated Wefore, by using it ei5 the building block of row (common) dri>ing 
mairiw with|suitable row and column interchanges, each row is a delay- 1 shifted 
version of pireceding row. However^ Bj is oithogonal block-oiroulant but it is not 
circulant. By suitable row and column interchanges of the resulting driving matrix, 
two sets of 4pw (common) driving waveforms are obtained. Witiiin a set, each row 
is a shifted "(rersion of the others. 



exity 



The compl 

not result in 
paraunitnry' 
interchangeis 



of implementation is proportional to the order of the sub-blocks 
<fi=4, we observe thatiV/can be 1 or 2. For higlier order, does 
any circulant iB always exists and can be generated by 2x2N 
matrices. The driving matrist resulted from 5^ with suitable column 
is shown below: 
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Row& 1 , 3, 3, 1? and 2, 4, 6, 8 form the two sets wilhin which eacli row is a shifted 

version of tiie! others. 

I 
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=Geiiei?AtitMi trf'Grtliogoiuyl IblocU^circuJiint Matrix by Nf^ikKiiear Progi Aiiiming 

We miifht ^Iso generate orthogonaJ block-ciVculant matrix by nonlinear 
programming. We use the method of steepest descent to illustrate the idea. The 
method of jsteepest descent U widely used in the identification of complex and 
Aonlinear systems. The update law in idaitifying sub-matrix £ cem be stated as 
follows: I 



Where is 



the step si»e, Jf^ is the cost or penalty fUnotion. We set P as follows: 



e^BTc the 
in the functi 
orthogonal, 
of tiie resulting 2, 



Lbt of Ordiiv4 

The foil owk g 
that result iri' 



Ordei^ 



enjbrjes of )) (|j:is the Frobenius norm of a matrix. The first summation 
on forces all the entries of iT to be ± I. The second one forces E to be 
while tlie third summation ensures orthoBonal block-circulant property 



and Order-S Orthogonal Block-Circulnut MAtricefi 
is an exhaustioj) of all 2x4 and 2x8 sub-mab-jces with entries ±1 
onhogonal block-ciroulant building block. 



(2) 



(3) 



r-iHi-ii 



14) 



r-i-i 

In-i 
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(5) alJ alt^atives of (l)-(4) smeratcd by 



(0 



O'ii) 



sign invenion (i.e., -£); 
TOVf inierc^anse, i.e. 



circuJant shtfk <tf£^t;c, • 



«2 



and any onnbmations of (i)-(nj). 
•Order-a 



C«3 



rnr 



(2). . p 1 1. i -3 1 1.1 



w I 1 1 -a. I X -1/ 

n 1 -1 -J -1 1 -1 -IT 

m » 

U 1. 1 1 1 -i -1 IX 

r-i 1 -I I I -1 -i *Tt 

Li I 1 I 1 X 

r_l. 1 -.1 L 1 I ^i- -jf- 
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03)- 



03)' 



aw 



• _ 

f— 1 11-11-1 1 -11 
1 1 1 I 1. 1 1 -I -U • 

r-i 1 1 1 I 1 i -iT 

I • — 

r-l L -1 L ^ 2 i _ll 

^ -^l." —1- Hi- — iL — 3^ 

p-1 11-1-1 -1 —I -ll 
(.11-11-11 -1 -if 

[1 -1 -1 1 -i t -l' I "I 
f I . 1 I 1 1-1 -if 

■ 

i ' 1 11 1 -1 -1/ 

Tl -I -I I -1 rJ- -» ->1 
ll 1 1 -l - I -1 -if • 

.fl -rl l -1 I' X -I -ll 
[l 1 1 1 V -3.-1 l-J 

ri -1 1 I 1 1 -J. lT 

rj.. 1. -I 1. t i; a; -«.T 
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I 
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fl" -111-11 1 ll 
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ri ■ ^1 -1 -1 -I- 1 —11 

Iri i I- a . -»i 1 -1 

' ■ I** » 

.yi 3. I -t -r -t -af 



(28) all altiraativES of (IH^V) generated by 



(i) . ^ign inversion (lo., 

(ii) row interdxange, i.e. 



(iii) circulant shift of i.e. 



^1. 



P=^l^ % ojr 3' and anv aambinotions of (i)-6i0. 
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n 

rkus using the invention a special wiangemem of the entries of drivine matrix 
IE propoeid. By imposing orthogonal block-circulant property to the building blocks 
of the rovfr (common) driving wavefoim. the row signals can be made to differ by time 
shifts oni: f. Each row can now be implenieiited as a shifted version of preceding 
rows by using shift regieiers. The complexity of the matrix driving Bcheme ia greatly 
redrxed ai jd is linearly proportional to fte order of the orthogonal block-circulam 
building Mock. 
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ABSTRACT OF TB& DXSCliOSITJffl 



The invehtlon relates to a protocol for driving a liquid 
cryatax fiisplay, in which a row (common) matrix is made up 
of oxtho^OBial block-circulant matrices which oaxi be 
generatejl' by nonlinear parogrammlns o^: alternatively by 
paravinlt^xy matricing. 
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